
, J’J~~n -84-1745*. ●

,
,

LaAt9moa~LabwMow mawmw Oymoumtvmnvat cdtarrhfamolmlaQm0owlm8m of bwgy Imdar ~ w.74a6-m&3e

LA-UR--84-1745

DE85 00862!3

.

TITLE

AUTHOR(S):

summm TO:

ABSORBER COATINGS’ DEGRADATION

S. II/.Moore

CM
gf

RETSIE ’84 symf)OSIURI

Anaheim, California
June 4-5, 1984

IN!XI.AIMER

This report WIIS prcpured us ar account of work sponsored byun ugcncy of the United Stales
Government, Ncithcr thctJnilcd Sluics Govc:nmenl norunyagency thereol, norany of their
employees, makes uny wtimmrty, express or implkd, or assumes any legal liability or responsi-
bility for the ticcurncy, complctcncss, or usefulnestof any information, appar~tus, product, or
process disclosed, or represents that its use would not infring: privately ownod rights. Rcfer-
cncc herein to tmy specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recoin.
mcndation, or favoring by the United Sta(cs Government or wry aacncj Ihcrcaf, The view’x
and opinionn of uulhurs expressed herein do not necessarily state or reflect those of the
United Staten (iovernmcnt or any ugency thereof

LosAklmilosLosA1amosNational Laborator
LosAlamos,New Mexico 8754 1$

mm

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.

For additional information or comments, contact: 

Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



AB$ORBER COATIW ‘ C)EGRAOLTIOi*

by

s. u. wra

AESTRACT

This report IS Intmrhd to cbcwnt sma of th LOS
Alamg ●ffo~ts that h.avoben cawlti out under tl’baOopar?nnt
of Em

T
(DCE) ktlw tbaatlngand Wllng M?xrlals

Rollabi Ity, Malntil~billty, ml Expasura Tcstln9 Progr-.
Funding for the- tctlvltlos is ootiln8d dlractly fra DW
althwgh tl’+ayropms~nt a varl~ty of projacts and coordlnation
Wfth Othar ●ganc18s.

Major limitations to * us~ of mlar cmqy am tha
uncertain relftbflfty and lff~tl~s of solar syst-, This
program Is aimed at titamfnfng matarlal oparatlng
lfmftatlons, durabllftlcs, and faflurc Dodts such that
materials fcuprovmmnts can bc mada and lffctfms can bc
ext?nded. Although mny active and pssfvc materltls and
systms are hfng studlad at Los Alms, this paper will
concentrate on absorber coatings and degradation of these
coatings.

I. INTRODUCTION

The Los Alaums Natfonal Laboratory has been Involved over tha past fan

years In a Iargc ntier of materials-ralatad solar projocts. Rec@ntly, w

hav~ dav~lop~d a nodalfng capability to dateml~ th potmtlal ~rfomancc

b~ncflts for various rnatorlals. This program has progr~ssed through a

validation program fn whfch matorfals ar~ tasttd In d~vlc~s ringing frm

actlv~ collectors to various passtve concwts.

Many tdvanced materfals were c)avelopd durfng the Iat@ 1970s as a result

of tho Mtfonal Program Plan for Rasoarch and D@volopment fn Solar Haatlng and

*Uork ~rfonnod und~)sthe ausplcos of tha U. S. Ocpartmant of Energy, Offlct
!of So ar Heat Tcchnclogies.
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Coolfng and the resultfng solicitations. Many of the more prmfsfng of these >

advanced materfals were carrfed fnto an ●valuation program at Los Alems.

Although those materials develo~ts included absorbers, glazings,

fnsulatfons, and saalants, this doc~nt wfll focus on absorber coatings and

coatfngs degradatfa.

11. LOS -$ TES7 PRMRAMS

A. ~rcfal Materials Exposure Testfnq

Los Al-s continues to sarve as one of the rual-time exposure facilities

for the Desert $unshfrteExposure Tests, Inc. (OSET) matirfals ex~:ure testing

progr- for c-rcfal materfals. These sites are as follous:

1. DKT - hot dry deswt anvlrorwnnt,

2. Everglades Tastfng Laboratory - subtropical,

3. C-ton, California - Industrial envlroment,

4. Los Alamos - high-altitude ●nvirormnt.

The matdals, consisting of s~lectlva and nonselective absorbers, reflectors,

and glazfngs, were all thfrd-party procured and, at the time they hare

procured, were representative of the products b~fng marketed. The meterlals

Itsvew undergone 2ytars of @xposure and the 2-ytar properties are befng

measur@d at OSET. Thase samples wfll be retur~d to the test sftes for

additional ●xposure early In 1984. Ffgu~ 1 shcws the ovorall t,st facllfty

with the comarclal matorfals exposure sa~l~s mounted thereon.

B. Ras@arch Mterfals Exposurt Testfn~

Becausa the OUT program fs focusad ontfrely on cwwcfally avaflable

rnatnrlals,thero fs a n-d to tvaluatt ~soarch and Wtlopmental mtorlals

th4tm@t p~V@ tobc COStoffOCtiW. Los Ala~s has attempted to ffll a

portion of thfs vofd by obtafnlng and tostfng some of the~rc promfslng

&dvancod m~terla’~s. ThQ fnftfal selectfvo absorbor ❑atwlals choson for

~valu~tf~n ~r~ sho~ fn th~ foll~wlng ~blt:

2



TAME I

AWAKED SELECTIVECOATIKS

Nlckcl-pi~nted anodlc A1203 on alminum.

Cr-CrO~ c~slta film on ,Ildnm.

Colorod stafnlcss sto81.

C1’mlcal Conwnton coatil’J@a ●:ctnm.

~etl convorsfon coatlngs on c-r and bwss.

Che9ical convorsfon coatln~ on nlck~l.

Chmlcal conwrslon coatfqs on zinc or zinc/dlwfna.

Chemical conversion coatings on sta+nlass stml .

Sn02 coating on porcelain enaml.

Thickness-sensitive selective paints.

Thickness-insensftfvc s~lectiva pafnts.

Most of these m.aterlalshave now been subjected to stagnation exposure testfng

for 2years.

Outdoor stagnation t~stfng of collector ahsorber materials uas also

carrfod out at the Lcs Alamo$ exposure facflfty shown in fig. 1. Ffve

exposure boxes based on the herlcan Socloty for Testfn~ 14aterfals (Km)

E781-81 standard were ~onstructed to provide a range o: conditions as follows:

Identlffcatlon
Box No. Code Oescrlptlon

1 OPEN Ung,azed, flat blkck absorber; no insulation between
absotir plate and back of box.

2 SGFB $fngle g16zcd, flat black absorber; fnsulatcd.
DGFB Ooubl@ lazed, flat black absorber; fnsulated.

: SFGSS !Single @dlar-fflm glazed, soioctfve absorber; no
insulation batwew absorber p~ate and back of box.

5 SGSS Sfnglo glazed, selective absorbar; Insulated.
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Fig. 1, Los Alamos exposure facility.
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Typical dally variations In cxposurQ-box ~ratums an s- In Fig.

2. Untir thass ●xposure cmdltlons, ttm wxiu PraWras ~k~ f- 160 W

37~F. 0W8r tl- parfods two prockbcadhl$har cxposurs t~raturws. A

mall davittion fn s~lo ~mtums can ba *xpsctad *aus.t of the

dlff~rancas in s~l Q optical propartits as c~~d wltJI~ ~lQ-

muntfng-pl~te prop9rtlQs.

In appllcabl~casas both ths front-sldaand hck-slds p~filts of

●iposura s~las uww WSumd. provfdlng m Indfcstfonof daily ~ratur@

cycling only or dally tamprat.um cycling ufth ultrsv?olct cxposum. If any

Photoctmlcal reaction WMnl m occur, w f~nt~k masumnts could

Indicate this @ffsct.

Table I descrlbas ttM typQs of selectlvo absotir coatings bafng evaluatad

at Los Alms. These tra coatings that had not ra~chd ful1 comercial Izatlon

in the U. S. at the time My ~re sclectcd for ●valuation.

M OXWIC of the typt of data bing taken and tho r8sults art shown In

Table II. This is only # patifal llst of W selective paints undsrgolng

exposure testing, but should be reprtsent-tive of the type$ of results being

obtained. Inftial rwsults of th program tre covered fn Los Alms report

LA-9735-MS. The update o) this program uI1l be co+upleted In tha near future.

As can be seen In Table II, the results vary from no change in optical

proptrtles to decreases In a, OF fncroa$os In c, Qlthcr of wttfch

constltuto a performance decrease. Some coatings have aven shown stable

ai with a dtcmase in c, which constitutes a performance Improvainent

ovor tk tlms tested. MS wst b~ cautious with any changing property,

ho~ver, because measur~nts could show a peak or a nv~rsal and subsequently

undergo changes Indlcatfng a degradation In property values.

III. FULL-SIZCD COLLECTOR INVESTIti iIONS

Two oxsmplcs of th~ many full-slztd coll~ctor absorbers tuhlchhav~ b~cn

w~luated follow b~low,

A. Black Chrcm Soloctlv~ Absorb@rs.—
Table III shows thit only Insignificant change has occurrtd to black

chrom collectors after 5 years of stagnation testing at Los Alanms.
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B. Perl-Mac/MfrWtBlaclc Nfckel Stud

~les taken from a Mf rmf t collector us~d on the Perl -Mac Demonstrate on

Housing Project, DenVer, Colorado, haye been analyzed toroptfcal property

degradation. Thfs collector had undergme approxlatately 2years of combined

stagnation and nomal operatfonbefore removal for evaluation. Optfcal

results obtained from the various ●reas of the collectorare shown fn Table IV.

Although there fs a sfgnfffcantvisual color change fn the samples, there

fs lfttle differenceaaong the integratedabsorptances. ~e spectral

reflec’dncecurves show that large changes fn the vfsfble portfon of the solar

spectrumcan be offset by changes fn the near fnfrared,whfle maintaininga

nearly constant us. Thfs fs a good exmple of how the ●ye fs a poor tool

fn detqnfnfi~g full solar-spectrum optical properties. Sane people have

mf;takenly pafnted the yellow areas wfth black pafnt fn an attempt to fmprove

performance. A small area on the collectorwhere a whftfsh crystallinezfnc

salt has formed exhfbftedserfously impaired emfttanceproperties.

RECOWIENDATIONS

Developmore cost-effectfvesystems and materfals through lower production

costs, gredter performance,and fmproved durability.

Developorganizationsand coordinatinggroups to establfshand mafntafn

qualfty standards.

Improvedconsnunfcatfonbetween fndustryand researchers.

Place greater emphasfs on materfals for use fn passfve solar applications.
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